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(57) A telescopic shaft used for steering of a vehicle 
to be used in the steering shaft of a vehicle has a male 
shaft and a female shaft that are fitted to each other non- 
rotatably and slidably. The telescopic shaft is provided 
with at least one set of torque transmission members 



disposed in at least one set of intermediate fitting por- 
tions formed on the outer circumferential surface of the 
male shaft and the inner circumferential shaft of the fe- 
male shaft and a stopper plate for regulating movement 
of the at least one set of torque transmission members 
with respect to the axial direction: 



FIG. 3 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a telescopic 5 

shaft used for steering of a vehicle. 

BACKGROUND ART 

[0002] Fig. 1 3 shows a steering mechanism of a com- 
mon automobile. The parts designated by a and b in this 
drawing are telescopic shafts. The telescopic shaft a is 
formed by spline fitting a male shaft and a female shaft. 
The telescopic shaft a of this type is required to have 
the properties of absorbing axial displacement that oc- 
curs while the automobile is running and preventing 
transmission of the displacement and vibration to the 
steering wheel. Such properties are generally required 
In the case that the vehicle body has a sub-frame struc- 
ture and the portion c on which the upper portion of the 
steering mechanism is secured and the frame e on 
which the steering rack d is secured are constructed as 
separate members that are steadily joined by an elastic 
member f such as a rubber In some other cases, the 
telescopic function is required in order for an assembling 
engineer in charge of joining a steering shaft joint g to 
a pinion shaft h, to fit and secure the telescopic shaft to 
the pinion shaft after retracting it. The telescopfc shaft 
b provided in the upper portion of the steering mecha- 
nism also has a male shaft and female shaft spline con- 
nected. The telescopic shaft b is required to be extended 
and retracted in the axial direction in order for the driver 
to change and adjust the position of the steering vyheel 
i in the axial direction to achieve the optimum position 
for driving the automobile. In all the above-mentioned 
cases, it is demanded to reduce the rattling noise of the 
spline portion of the telescopic shaft, to soften rattly feel- 
ing of the steering wheel and to decrease sliding resiist- 
ance of the telescopic shaft when it is slid in the axial 
direction. 

[0003] In view of the above, EP1078843A1 teaches 
to fit multiple sets of torque transmission members (col- 
umn-like members) in multiple sets of axial grooves 
formed on the outer circumferential surface of the male 
shaft and the inner circumferential surface of the female 
shaft. 

[0004] Each set of the torque transmission members 
(cylindrical members) include a plurality of needle rollers 
arranged along the axial direction. 
[0005] Thus, play between the male shaft and the fe- 
male shaft can be eliminated when the torque is not 
transmitted, and the male shaft and the female shaft can 
be slid in the axial direction with a stable slide load with- 
out play. In addition, when the torque Is transmitted, the 
male shaft and the female shaft can transmit the torque 
with high rigidity while eliminating play in the rotational 
direction. 

[0006] Furthermore, between the plurality of needle 
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rollers arranged along the axial direction, there is pro- 
vided adjusting members made of a- resin, which is 
adapted to absorb the clearance (or play) between the 
needle rollers. 

[0007] However, although EP1078843A1 teaches to 
absorb the clearance between the plurality of needle 
rollers by means of adjusting members provided be- 
tween the needle rollers arranged along the axial direc- 
tion, clearance sometimes remains between the needle 
rollers, which may cause a knocking sound. 

DISCLOSURE OF THE INVENTION 

[0008] The present invention has been made in view 
of the above-described circumstances, and an object of 
the present invention is to provide a telescopic shaft 
used for steering of a vehicle that can realize a stable 
slide load and prevent play in the rotational direction re- 
liably to enable torque transmission with high rigidity 
while preventing generation of noises. 
[0009] To achieve the above object, according to the 
present invention, there Is provided a telescopic shaft 
used for steering of a vehicle in which a male shaft and 
a female shaft are fitted to each other non-rotatably and 
slidably, wherein at least one set of torque transmission 
members are disposed In at least one set of intermedi- 
ate fitting portions formed on the outer circumferential 
surface of said male shaft and the inner circumferential 
surface of said female shaft, and a stopper plate for reg- 
ulating movement of said at least one set of torque trans- 
mission members with respect to the axial direction is 
provided at an end portion of said male shaft or in the 
vicinity thereof. 

[0010] In this way, according to the present invention, 
It is possible to secure the torque transmission members 
with a moderate preload without clearance in the axial 
direction. Thus, the torque transmission members are 
not moved in the axial direction when the male shaft and 
the female shaft slide relative to each other, and it is 
possible to prevent unpleasant knocking sounds form 
being generated. 

[0011] In the telescopic shaft used for steering of a 
vehicle according to the present invention, rt is prefera- 
ble that said at least one set of intermediate fitting por- 
tions be composed of at least one pair of axial grooves 
formed on the outer circunriferential surface of said male 
shaft and the inner circumferential surface of said fe- 
male shaft respectively, and the axial grooves of said 
male shaft have a surface that is substantially perpen- 
dicular to the axial direction and In contact with said at 
least one set of torque transmission members. Accord- 
ing to this preferable structure, thanks to the provision 
of the surface that is oriented substantially perpendicu- 
larly to the axial direction and in contact with the torque 
transmission members, it is possible to regulate move- 
ment of the torque transmission members with respect 
to the axial direction by means of this surface perpen- 
dicular to the axial direction without providing an addi- 
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tlonal member Accordingly, it is possible to reduce the 
number of the parts to realize a reduction in the manu- 
facturing cost. In addition, since no additional member 
is used, reduction in the weight and size Is made possi- 
ble. 

[0012] Furthermore, in the telescopic shaft used for 
steering of a vehicle according to the present invention, 
it is preferable that said stopper plate be composed of 
an elastic member for applying axial preload and a pair 
of flat plates that hold the elastic member therebetween. 
According to this preferable structure, thanks to the 
stopper plate composed of an elastic member for apply- 
ing axial preload and the pair of flat plates that hold the 
elastic member therebetween, it is possible to prevent 
axial movement of the torque transmission members by 
applying a moderate preload to the torque transmission 
member to positively preventing unpleasant knocking 
sounds from being generated. 

[0013] Furthermore, in the telescopic shaft used for 
steering of a vehicle according to the present invention, 
it is preferable that said stopper plate be fixed to a small 
diameter portion formed at an end portion of said male 
shaft. In this case, the stopper plate will not drop and it 
can be securely fixed since the stopper plate is fixed to 
the small diameter portion formed at an end portion of 
the male shaft. 

[0014] Furthermore, in the telescopic shaft used for 
steering of a vehicle according to the present invention, 
it is preferable that said stopper plate be composed of 
a flat plate and fixing means for fixing the flat plate at a 
desired position with respect to the axial direction on 
said male shaft. In this preferable structure, said stopper 
plate is composed of a flat plate and fixing means for 
fixing the flat plate at a desired position with respect to 
the axial direction on the male shaft. In this way, when 
an elastic member is not used in the stopper plate, fixing 
means that can fix the flat plate at a desired axial posi- 
tion is used. After setting the torque transmission mem- 
bers in the intemnediate fitting portion of the male shaft, 
the flat plate is intermediately set, and the fixing means 
is pressed against it from the axial direction and fixed 
so that undesirable clearance is eliminated. Thus, the 
torque transmission members are not moved in the axial 
direction when the male shaft and the female shaft slide 
relative to each other, and It Is possible to prevent un- 
pleasant knocking sounds from being generated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Fig. 1 is a longitudinal cross sectional view showing 
a telescopic shaft used for steering of a vehicle ac- 
cording to a first embodiment of the present inven- 
tion. 

Fig. 2 is a transverse cross sectional view taken 
along line X-X in Fig. 1 . 

Fig. 3 is an enlarged longitudinal cross sectional 
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view of the principal part of Fig. 1 . 

Fig. 4 is an enlarged cross sectional view taken 

along line Y-Y in Fig. 3. 

Fig. 5 is a perspective view showing elastfc mem- 
5 bers (or leaf springs) connected by a connecting 

portion. 

Fig. 6 is an enlarged view as seen from the direction 
indicated by arrow A in Fig. 3. 
Fig. 7 Is a longitudinal cross sectional view showing 
10 a telescopic shaft used for steering of a vehicle ac- 
cording to a second embodiment of the present in- 
vention. . 

Fig. 8 is an enlarged view as seen from the direction 
indicated by arrow A in Fig. 7. 
15 Fig. 9 is a longitudinal cross sectional view showing 
a telescopic shaft used for steering of a vehicle ac- 
cording to a third embodiment of the present inven- 
tion. 

Fig. 10 is an enlarged view as seen from the direc- 
tion Indicated by arrow A in Fig. 9. 
Fig. 11 is a longitudinal cross sectional view show- 
ing a telescopic shaft used for steering of a vehicle 
according to a fourth embodiment of the present in- 
vention. 

Fig. 1 2 is an enlarged view as seen from the direc- 
tion indicated by arrow A in Fig. 11 . 
Fig. 13 is a side view showing the steering mecha- 
nism of a common automobile. 

EMBODIMENTS OF THE INVENTION 

[001 6] In the following, embodiments of the telescopic 
shaft usedforsteering of a vehicle accordlng.the present 
invention with reference to the drawings. 

(First Embodiment) 

[0017] Fig. 1 is a longitudinal cross sectional view 
showing a telescopic shaft used for steering of a vehicle 
according to the first embodiment of the present inven- 
tion. Fig. 2 is a transverse cross sectional view taken 
along line X-X In Fig. 1. 

[0018] As shown in Fig. 1 , the telescopic shaft' used 
for steering of a vehicle (whteh will be referred to as the 
telescopic shaft hereinafter) Is composed of a male shaft 
1 and a female shaft 2 that are fitted to each other non- 
rotatably and slidably; 

[0019] As shown in Fig. 2, on the outer circumferential 
surface of the male shaft 1, three axially extending 
grooves 3 arranged at regular intervals of 1 20 degrees 
along the circumferential direction are formed. In addi- 
tion, on the outer circumferential surface of the male 
shaft 1 , three axially extending grooves 4 having a sub- 
stantially circular arc shape arranged circumferentially 
between the three axial grooves 3 at regular intervals of 
120 degrees along the circumferential direction are 
formed. 

[0020] On the inner circumferential surface of the fe- 
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male shaft 2, three axiaUy extending grooves 5 having 
a circular arc shape are provided at regular intervals of 
120 degrees along the circunnferential direction. In ad- 
dition, on the Inner circumferential surface of the female 
shaft 2, three axially extending grooves 6 having a sub- 
stantially circular arc shape arranged circumferentially 
between the three axial grooves 5 at regular intervals of 
120 degrees along the circumferential direction are 
formed. 

[0021 ] The axial grooves 3 and 5 constitute three first 
intennediate fitting portions for three sets of spherical 
members 7 that will be described later, and the axial 
grooves 4 and 6 constitute three second intermediate 
fitting portions for three sets of cylindrical members 8 
that will be described later. These three pairs of axial 
grooves 3 and 5 (or the first intermediate fitting portions) 
and the three pairs of axial grooves 4 and 6 (or the sec- 
ond intermediate fitting portions) are alternately ar- 
ranged along the circumferential direction at regular in- 
tervals of 60 degrees. 

[0022] A first torque transmission apparatus is con- 
structed by rotatably providing three sets of first torque 
transmission members (spherical members) 7 between 
the three axial grooves 3 of the male shaft 1 and the 
three axial grooves 5 of the female shaft 2 with three 
corrugated elastic members (or leaf springs) 9 for ap- 
plying preload therebetween. The first torque transmis- 
sion members 7 are adapted to roll when the male shaft 

1 and the female shaft 2 move In the axial direction rel- 
ative to each other, and upon rotation of these shafts, to 
transmit a torque while constrained by the leaf springs 9. 
[0023] A second torque transmission apparatus is 
constructed by slidably providing three sets of second 
torque transmission members (or cylindrical members) 
8 between the three axial grooves 4 of the male shaft 1 
and the three axial grooves 6 of the female shaft 2 re- 
spectively. The second torque transmission members 8 
allow axial movement of the male shaft 1 and the female 
shaft 2 relative to each other, and upon rotation of these 
shafts, transmit a torque. 

[0024] The leaf springs 9 are adapted to preload the 
spherical members 7 and the cylindrical members 8 
against the female shaft 2 to eliminate play when the 
torque is not transmitted, and to deform elastically to 
constrain the spherical members 7 in the circumferential 
direction between the male shaft 1 and the female shaft 

2 when the torque is transmitted. 

[0025] In the telescopic shaft having the above-de- 
scribed structure, since the spherical members 7 and 
the cylindrical members 8 are preloaded by the leaf 
springs 9 against the female shaft 2 without play, when 
the torque is not transmitted, play between the male 
shaft 1 and the female shaft 2 can be eliminated reliably, 
and when the male shaft 1 and the female shaft 2 rela- 
tively move in the axial direction, the male shaft 1 and 
the female shaft 2 can slide in the axial direction with a 
steady sliding load without play. 
[0026] If a sliding surface functions only as a sliding 



surface as with the case with the conventional art, the 
preload for preventing play is required to be restricted 
to a certain load. This is because the sliding load is de- 
termined as the product of the friction coefficient and the 
5 preload, and if the preload Is increased with a view to 
eliminate play or to improve the rigidity of the telescopic 
shaft, the sliding load Is Increased to create vicious cir- 
cle. 

[0027] To the contrary, in this embodiment, a rolling 

10 mechanism is partly used, and it is possible to increase 
the preload without a significant increase in the sliding 
load. Accordingly, improvement in the elimination of play 
and improvement in the rigidity, which could not be re- 
alized in the conventional art, can be achieved without 

75 an increase in the sliding load. 

[0028] When the torque is transmitted, the three sets 
of leaf springs 9 elastically deform to constrain the three 
sets of spherical members 7 with respect to the circum- 
ferential direction between the male shaft 1 and the fe- 

^0 male shaft 2. (n addition, the three sets of cylindrical 
members 8 set between the male shaft 1 and the female 
shaft 2 function to transmit the most part of the torque. 
[0029] For example, when the torque is input from the 
male shaft 1 , in the eariier stage, there is no play thanks 

25 to the preload by the leaf springs 9, and the leaf springs 
9 generate reactive forces against the torque to transmit 
the torque. In this case, the whole torque is transmitted 
in the state. In which the torque transmission load be- 
tween the male shaft 1 , the leaf springs 9, the spherical 

30 members 7 and the female shaft 2 and the torque trans- 
mission load between the male shaft 1 , the cylindrical 
members 8 and the female shaft 2 are in equilibrium with 
each other. 

[0030] When the torque further increases, since the 
35 clearance in the rotational direction between the male 
shaft .1 and the female shaft 2 via the cylindrical mem- 
bers 8 Is designed to be.smaller than the clearance be- 
tween the male shaft 1, the leaf spring 9, the spherical 
members 7 and the female shaft 2 via the spherical 
40 members 7, the cylindrical members 8 receive reactive 
forces larger than the spherical members .7, and the 
torque is transmitted to the female shaft 2 mainly by the 
cylindrical members 8. For this. reason, play in ttie rota- 
tional direction of the male shaft 1 and the female shaft 
45 2 can be eliminated reliably and the torque can be trans- 
mitted in a highly rigid state. 

[0031] In connection with the above, the spherical 
members 7 may be balls. The cylindrical members 8 
may be needle rollers. 

so [0032] The needle rollers is advantageous since it re- 
ceives the load through line contact and the contact 
pressure can be made tow as compared to the ball 7, 
which receives the load through point contact. There- 
fore, the use of the needle rollers is advantageous over 

55 the case in which all the rows are constructed as ball 
rolling structures in the following respects: 

Damping effects at the sliding portion is high as 
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compared to the ball rolling structure, and therefore 
vibration absorption perfonnance is high. 
In transmitting the same torque, the contact pres- 
sure can be made lower in the case of the needle 
roller, and therefore the axial length can be made 
shorter, so that the space can be used efficiently. 
In transmitting the same torque, the contact pres- 
sure can be made lower in the case of the needle 
roller, and therefore, an additional process for hard- 
ening the surface of the axial grooves on the female 
shaft by heat processing etc. is not required. 
It is possible to reduce the number of the parts. 
It is possible to improve the facility of assembling. 
It is possible to reduce the assembling cost. 

[0033] As per the above/the needle rollers 8 function 
as keys for transmitting torque between the male shaft 
1 and the female shaft 2, and in addition, they are in 
sliding contact with the inner circumferential surface of 
the female shaft 2. Advantages of this structure over the 
conventional spline connection are as follows: 

The needle rollers are mass-produced parts and 
available at a very low cost. 

Since the needle rollers have been ground after 

heat processing, their surface hardness is'high and 

they have high durability against wear. 

Since the needle rollers have been ground, their 

surface is fine and the friction coefficient in sliding 

is low, and therefore, the sliding load can be made 

low. 

Since the length and the setting position of the nee- 
dle rollers can be changed in accordance with use 
conditions, they can be adapted to various applica- 
tions without changing the design concept. 
Even in the case that it is required to further reduce 
the friction coefficient in sliding depending on use 
conditions, which sometimes occurs, the sliding 
characteristics can be changed only by applying a 
surface processing on the needle rollers, namely, 
the needle rollers can be adapted to various appli- 
cations without changing the design concept. 
Since it is possible to manufacture needle rollers 
having different diameters in orders of several mi- 
crons at low cost, it is possible to restrict the clear- 
ance between the male shaft, the needle rollers and 
the female shaft to the minimum, and therefore it is 
easy to enhance the rigidity in the twisting direction 
of the shaft. 

[0034] On the other hand, the partial use of the balls 
is advantageous in the following respect as compared 
to the structure in which all the rows are composed of 
needle rollers and the all the rows are adapted to slide: 

Since the f rictional resistance is low, the sliding load 
can be made low. 

The preload can be made high, and it is possible to 
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achieve both high rigidity and elimination of play for 
a long time. 

[0035] Fig. 3 is an enlarged longitudinal cross section- 
5 al view showing the principal portion of Fig. 1 . 

[0036] Fig. 4 is an enlargedtransverse cross sectional 
view taken along line Y-Y in Fig. 3. Fig. 5 is a perspective 
view showing the elastic members (leaf springs) con- 
nected by a connecting portion. Fig. 6 is an enlarged 
10 view as seen from the direction indicated by arrow A in 
Fig. 3. 

[0037] As shown in Fig. 3, a small diameter portion 1 a 
is formed at an end portion of the rinale shaft 1 . On the 
small diameter portion 1a, a stopper plate 10 for regu- 
lating axial movement of the needle rollers 8 is provided. 
The stopper plate 1 0 is composed of an elastic member 
11 for applying axial preload and a pair of flat plates 12 
and 1 3 between which the elastfc member 1 1 for apply- 
ing axial preload is held. 

[0038] In the stopper plate 1 0 in this embodiment, the 
flat plate 13, the elastic member 11 for applying axial 
preload and the flat plate 13 are fitted on the small di- 
ameter portion 1a in the mentioned order, and then the 
end portion lb of the small diameter portion la is 
clinched or plastically deformed so as to be firmly se- 
cured to the small diameter portion 1a. 
[0039] Thus, the stopper plate 10 is adapted to 
preload the needle rollers 8 in the axial direction to pre- 
vent axial movement of the needle rollers 8 by means 
of the elastic member 11 for applying axial preload while 
the fiat plate 13 is in contact with the needle rollers 8. 
[0040] In addition, the stroke of the telescopic shaft 
can be determined by the stopper plate 10. This is be- 
cause when the balls roll to impinge the stopper plate, 
the balls cannot roll any more. 

[0041] The elastc member 11 for applying axial 
preload is made of a rubber, a resin or a steel leaf spring . 
The elastic member 11 for applying axial preload and 
the flat plates 1 2 and 1 3 may be constructed as separate 
members, but it is preferable that they are constructed 
as an integrally fonmed member In view of facility of as- 
sembling. 

[0042] For example, in the case that the elastic mem- 
ber 1 1 lor applying axial preload Is made of a rubber, it 
can be made Integral by applying vulcanization on the 
flat plates 12 and 13. Thus, a product that is easy to 
assemble can be made at low cost. 
[0043] In the case that the elastic member 1 1 for ap- 
plying axial preload is made of a resin, it-can be made 
integral by molding a corrugated part integrally with the 
flat plates 12 and 13. In this case, the advantages same 
as above can be realized. 

[0044] Furthemnore, the flat plates 12 and 13 may be 
steel plates, resin plates, or steel plates covered with a 
resin coating. 

[0045] The axial grooves 3, 4 of the male shaft 1 have 
surfaces 14 and 15 that are substantially perpendicular 
to the axial direction and in contact with the balls 7 and 
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needle rollers 8. 

[0046] As per the above, axial movement of the nee- 
dle rollers 8 is regulated by the stopper plate 1 0 provided 
on the small diameter portion 1 a of the male shaft 1 at 
one end thereof, and the other side of the needle rollers 5 
8 abuts the surface 15 which is perpendicular to the axial 
direction so that axial movement thereof is regulated. 
[0047] The flat plate 13 of the stopper plate 10 is in 
contact with the needle rollers 8, and the elastic member 
1 1 preloads the needle rollers 8 appropriately so that the io 
needle rollers 8 will not move in the axial direction. 
[0048] As per the above, it is possible to preload the 
needle rollers 8 moderately to fix them without clearance 
in the axial direction. Thus, the needle rollers 8 are not 
moved in the axial direction when the male shaft 1 and '5 
the female shaft 3 slide relative to each other, and it is 
possible to positively prevent unpleasant knocking 
sounds from being generated. 

[0049] Since the axial grooves 3, 4 of the male shaft 
1 have the su rf aces 1 4 and 1 5 that are substantially per- 
pendicular to the axial direction and in contact with the 
balls 7 and needle rollers 8, it is possible to regulate the 
axial movement of the balls 7 and the needle rollers 8 
by the surface 15 without providing an additional mem- 
ber. Accordingly, it is possible to reduce the number of ^5 
the parts to reduce the manufacturing cost, in addition, 
weight reduction and size reduction can be made pos- 
sible since additional members are not used. 
[0050] In this embodiment, the three leaf springs 9 for 
preloading the three sets of balls 7 are connected by a 30 
ring-like connecting portion 20 as shown in Figs. 3 to 6. 
[0051] As shown in Fig. 3. the small diameter portion 
1 a at the end portion of the male shaft 1 has an annular 
surface 21 fomned at its stepped portion. The ring-like 
connecting portion 20 is fitted on the small diameter por- 35 
tion la and disposed along the stepped annular surface 
21. 

[0052] The annular surface 21 at the stepped portion 
may be of any shape, though it should be an annular 
surface facing the axial direction of the male shaft 1 . 
[0053] The ring-like connecting portion 20 is connect- 
ed with the axial end portions of the three leaf springs 9 
at three positions on the circumferential edge thereof. 
As shown in Fig. 5, the ring-like connecting portion 20 
IS constructed integrally with the three leaf springs 9 that 
extend along the axial direction: 

[0054] Accordingly, it is possible to make the three 
leaf springs 9 serving as rolling base surfaces can be 
made integral to reduce the virtual number of the parts 
from three to one, while adopting the structure in which so 
the balls 7 and needle rollers 8 are used in combination. 
Thus, it is possible to reduce the number of the parts, 
decrease the time required for assembling and realize 
cost reduction. 

[0055] The small diameter portion la formed at the 55 
end portion of the male shaft 1 passes through the ring- 
like connecting portion 20. Accordingly, when the three 
leaf springs 9 are assembled, the small diameter portion 



la at the end portion of the male shaft 1 is inserted 
through the ring-like connecting portion 20 to function 
as a guide for the assembling operation. Thus, the as- 
sembling operation can be facilitated, and the manufac- 
turing cost can be reduced by a decrease in the time 
required for the assembling. 

[0056] The ring-like connecting portion 20 is disposed 
in the clearance with respect to the axial direction be- 
tween the flat plate 13 of the stopper plate 10 and the 
annular surface 21 at the stepped portion 21 . This axial 
clearance is, for example, about 0.3 to 2.0mm. 
[0057] Thanks to the axial clearance, the ring-like 
connecting portion 20 does not constrain movement of 
the three leaf springs 9 even when the leaf springs 9 are 
defomned by a torque input. 

[0058] As shown in Figs. 4 and 5, each leaf spring 9, 
In cross section, is so shaped to be linearly extended 
substantially in parallel to the axial grooves 3 of the male 
shaft 1 , and the flat portion at the central portion of each 
leaf spring 9 is joined to the circumferential edge portion 
of the ring-like connecting portion 20. Both end portions 
of each leaf spring 9 are folded outwardly from the cent- 
er side. 

[0059] The small diameter portion 1 a formed at the 
end portion of the male shaft 1 is adapted to pass 
through the ring-like connecting portion 20. A clearance 
in the radial direction is formed between the small diam- 
eter portion 1 a of the male shaft 1 and the ring-like con- 
necting portion 20. The radial clearance is, for example, 
. 0.2 to 1 .0mm. As is the case with the above-described 
axial clearance, the ring-like connecting portion 20 does 
not constrain movement of the three leaf springs 9 
thanks to the presence of the radial clearance even 
when the leaf springs 9 are deformed by a torque input. 

(Second Embodiment) 

[0060] Fig. 7 is a longitudinal cross sectional view 
showing a telescopic shaft used for steering of a vehicle 
according to the second embodiment of the present in- 
vention. Fig. 8 is an enlarged view as seen from the di- 
rection indicated by arrow A in Fig. 7. 
[0061] In this embodiment, a circumferential groove 
31 is formed on the small diameter portion 1 a of the male 
shaft 1 . A retaining ring 32 is fined in the circumferential 
groove 31. Thus, the stopper plate 10 is fixed with re- 
spect to the axial direction. The structures and opera- 
tions other than the above are the same as those in the 
above-described embodiment. 

(Third Embodiment) 

[0062] FIG. 9 is a longitudinal cross sectional view 
showing a telescopic shaft used for steering of a vehicle 
according to the third embodiment of the present Inven- 
tion. Fig. 10 is an enlarged view as seen from the direc- 
tion indicated by arrow A in Fig. 9. 
[0063] In this embodiment, a screw hole 33 extending 
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in the axial direction is formed on the small diameter por- 
tion 1 a of the male shaft 1 . A bolt 34 is screwed into the 
screw hole 33, through the stopper plate 10 (more spe- 
cifically, the flat plate 12) and tightened. Thus, the stop- 
per plate 10 is fixed with respect to the axial direction. 
The structures and operations other than the above are 
the same as those in the above-described embodiment. 

(Fourth Embodiment) 

[0064] Fig. 11 is a longitudinal cros$ sectional view 
showing a telescopic shaft used for steering of a vehicle 
according to the fourth embodiment of the present in- 
vention. Fig. 12 is an enlarged view as seen from the 
direction indicated by an-ow A in Fig. 11. 
[0065] In this embodiment, the stopper plate 10 is 
composed of a flat plate 35 and a push nut 36 (I.e. the 
fixing means) for fixing the flat plate 35 at a desired po- 
sition with respect to the iaxial direction of the male shaft 
1 . In the case that an elastic member for axial preload 
Is not used in the stopper plate 1 0, the push hut 36 (fixing 
means) that allows to fix the flat plate 35 at a desired 
position is used. After setting the needle rollers 8 in the 
axial grooves 4 of the male shaft 1 , the flat plate 35 is 
Intennediately set, and the push nut 36 is pressed 
against it from the axial direction and fixed so that un- 
desirable clearance will be eliminated. Thus, the needle 
rollers 8 are not moved in the axial direction when the 
male shaft 1 and the female shaft 3 slide relative to each 
other, and it is possible to prevent unpleasant knocking 
sounds from being generated. The structures and oper- 
ations other than the above are the same as those In 
the above-described embodiment. 
[0066] The present invention is not limited to the 
above-described embodiments, but it can be modified 
In various ways. 

Clatms 

1. A telescopic shaft used for steering of a vehicle In 
which a male shaft and a female shaft are fitted to 
each other non-rotatably and slldably, wherein at 
least one set of torque transmission members are 
disposed in at least one set of Intermediate fitting 
portions formed on the outer circumferential surface 
of said male shaft and the inner circumferential sur- 
face of said female shaft, and a stopper plate for 
regulating movement of said at least one set of 
torque transmission members, with respect to the 
axial direction is provided at an end portion of said 
male shaft or in the vicinity thereof. 

2. A telescopic shaft used for steering of a vehicle ac- 
cording to claim 1 , wherein said at least one set of 
intermediate fitting portions comprise at least one 
set of axial grooves formed on the outer circumfer- 
ential surface of said male shaft and the Inner cir- 



cumferential surface of sard female shaft respec- 
tively, and the axial grooves of said male shaft have 
a surface that is substantially perpendicular to the 
axial direction and In contact with said at least one 
5 set of torque transmission members. 

3. A telescopic shaft used for steering of a vehicle ac- 
cording to claim 1 or 2, wherein said stopper plate 
comprises an elastic member for applying axial 

10 preload and a pair of flat plates that hold the elastic 
member therebetween. 

4. A telescopic shaft used for steering of a vehicle ac- 
cording to claim 1 or 2, wherein said stopper plate 

15 is fixed to a small diameter portion fomied at an end 
portion of said male shaft. 

5. A telescopic shaft used for steering of a vehicle ac- 
cording to claim 1 or 2. wherein said stopper plate 

•20 comprises a flat plate and fixing means for fixing the 
flat plate at a desired position with respect to the 
axial direction on said male shaft. 
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FIG. 10 
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